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B, — J/¢p(— £107) ¢(— KTK™)

The most general amplitude :

A(Bs — J/¢) = Ag (%/ E¢,) E% €5
~—,’LA_|_EJ/¢,><E¢, p/\f

CP-conjugate amplitudes in B; — J/vy¢ :

Ao(0) = Ao0) . AY(0) = 44(0) , AL(0) = —AL(0)




Definitions of Angles :
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A.D.

I-"bunfﬂ'tz;
“ H~l..'i',?"h‘h
Single angle distribution : | Ny ; ;;w:_
ar 3 ) ) ; 3 -
Toosl "8""(|Ao(t)] +]Ay(8)|*) (1 +cos 9)+4|A¢(t)\ sin? 0

A®)* = [Ao(0)]? [e™" — e sin(Amt)dg)
A = [A0)] [e" — e sin(Amt)dg)
ALP = |ALO)P e + e sin(Amt)dg)

FR— ?_
Parameters :
[AL(0)
Iz Tas 2 2 2
[ Ao(0)[* + |44 (0)] + [AL(0)]
VisVip Vi Vcb)
Am , 6¢ =26y = Ar e
Py A (wgwmmz

e Angular distribution essentialif 'y ~ I'
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Figure 4: The ratio of the variances, V(6;(2))/V (0i(u,t)) of the estimates of
0y =p5.
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AD.
R- Fleischer

I.Dunietz
Three Angle Distribution hep-ph/ 1804253
EFPIC’A9
ETIBaft) — I/t 1) KK o
dcos @ dy dcosy > 32w
[ 2| Ao(t)|? (1 — sin? 0 cos? @) cos?® 1
+ |Ay(t) P (1 — sin? @ sin’ ) sin® ¢
+ |AL(t)]? sin? @ sin® ¢

m (Aj(t)AL(t)) sin20sinpsin®y
+ Re (A5(t)Ay(t)) sin®@sin2¢psin2/v/2
+ TIm (A}(t)AL(t)) sin26coswsin2e/v/2 ]

Time Evolutions

Observables | Time evolutions
| Ao (t)]? [Ag(0)[2 |eT2t — =Tt sin(Amt)¢p
|A(8)]2 |41 (0))? |12t — e~ sin(Amt)dg
AP AL [ + e T sin(Amt)og]
Re(A%(t )A”(T)) | 40(0)] |A||(0)| cos(d; — 1) |e T+t — ¢t sin(Amt)dg)
I (Aj(t)AL(E)) | [A)(0)[|AL(O)] [e*sin(dy — Amz) + § (e7 Tt — e7Trt) cos(81)5¢
Im(A5()AL(R)) ]AO(O)HAL(U)I Tlgin(6y — Amt) + 1 (e‘l e — e‘rL‘) cos(d2)d

Parameters :
‘AH/AOI ) ‘A_L/AOI ) 51 ’ 62 y
FH y FL , Am y 5q§



Significance of the accessible parameters :

= o dhowah T &
AMs/rt = K T l'r#‘ﬁ i S o
L] y }
Arn‘ 9 = Gﬂl&l.rﬂ rarn
- Ams _ "BsMB(fB.BBs) | Vis |2
— SM prediction of T2 = Ls 8
b Amg  np,Mp,(f5,Bp,) | Vid |
T.Browder, 5. Pakvasa
’ PH ’ PL PRD 52, ‘A5
— % independent of CKM elements (to lowest order) : M.Beneke
: &.Buchalla
I . Dunietz

2. -1
M ~ _sz h(m?/M&,) 1 _ Smg —~— _200 PRB 54, ‘a6
AT 3 my 3mj
(+ QCD corrections) * M-Beneke, G Buchalla, C.Greub, A Lenz,
U. Wigrste hﬂPnrh/qﬁﬂﬁ_ﬁgﬁr

— (AT'/T) g, ~ 0.1 77
— AI" can only decrease with new physics effects
— Untagged CP asymmetries proportional to AI' =

1. Punigtz, R-Flerscher

® i PLB 387, 46
PR™ 55, ‘97

»
Y. Grossman PLBR 320  '9£

— “squashed” unitarity triangle 5 4., an, B.Kayser, P.London, PRL73, 24
—~ 2)\n  ~ 2)?Rysiny means useful for determining n or
1|V,
( = X[Vl
— small SM value (= 0.03) and possibilities of significant new

physics contributions
M.Bauer, B.Stech M -Wirbel z-€29, ‘85~

¢ IA-J_/AUI ) IAH/AO! Z-C5%4 ,'87
— Specific model predictions J.Scaves  PRDS'3, ‘96
H-Y. Cheng , £-C€9 ‘95
0, 0
— Predicted to be zero in models with factorization
— Useful for getting rid of a discrete ambiguity in 3 =
A,
I . Dunietz
R.Fleischer

PLB 433,718



CLEQO conf 96-24

BDecayMode

A guidance for the expected values of some parameters:
from B+ — J/WK* results by CLEO

Parameter Value
Bt = JpEt 10% % B(B — J/¢K*+) 1.41 == 0.20
|4g|? = I /T 0.53 £+ 0.11
ALl = [P 0.11 *3:38
H{AL) 1.57 + 2.44
BLA)) 3.14 + 0.67
BY o J/pK*0 0* x B(B — J/¢K*0) 132 £ 0.14
Agl? = T /T - 0.52 + 0.08
A2 = |PE 0.18 + 0.09
$(AL) —0.53 1038
‘ BlA)) 3.00 + 0.46
B — J/yK* corbined 10% x B(B — J/yK*) 1.35 + (.12
{Ag|? = T /T 0.52 £ 0.07
A2 = PP 0.16 + 0.08
H(AL) —0.11 + .46
#(Ap) - 300 £ 037

TABLE IIl. Resulting decay amplitudes from the full fit to the transversity angles. The corre-
lation coefficients of the combined fit are given in Table IV,



CP-conjugate Decay :
For d°T'[B,(t) — J/w(— 717 )¢(— KT K7)],

° A(O) — E(O)

e Am — —Am

Untagged Data :

Observables | Time evolutions

lfo( )12 AO(O) 2€--1“th
If”(t)l A”(O) 201t
| fo( )|2 AJ_(O)’QQ_FHt

t
| Re(fq(t)f
Im(f” (t%{:

Im(;io(t JL

t)) 1A40(0)

I (t)) Ao(O) |A“ (0)| COS((SQ_‘ — (51)6—~FL7§
L) A O[ALO)]5 (eH#" — e™10) cos(01)d ¢
( |AL(0)]5 (e7Frt — et cos(d2)d ¢

e Assumes no By vs. B production asymmetry

CP Asymmetry :

cos t’.":f‘ (B—PHt —_

e Production asymmetry terms would appear as Amt os-

cillations

e_FLt) Sp~Al' t et §¢ co, &

/



The method of angular moments

Angular distribution
f(8,P;1) = b M (P )9 (6)
Find weighting functions w"” such that
[D6]u(©)g%(©) = b
Then |
b~ v w®O)

events

T Dupietz
H- &ulnn

A ~.5nyd£t‘

w. Te ki

H- L:‘pkiﬂ
PRY 43,°41

A,

T. Dunietz

R-Fleischer
hep-ph /1804253

gpxc '99

e Fissential idea : finding 6 vectors, each of which is per-

pendicular to 5 of the angular terms.

e The task of one fit to a large number of paramecters gets
split into fits to a smaller number of parameters. (Here,
from an 8 parameter-fit to 6 fits with as small as 4 pa-

rameters).

e More transparent and easier to implement than the max-
imal likelihood fit (the complezity of mle grows exponen-

tially with number of parameters to be fitted).

o Statistically “efficient” - the information loss is small

(checked for the single angle distribution).

AD. 5.5en
hep-ph/9810231

PrRD 99

o Is definitely useful for a ‘first guess’ with low statistics (to
provide the seed to mle), and maybe even to substitute

for mle where it may fail (77)



Weighting functions

o Lxist for all angular distributions

e Can be determined a priori, without any knowledge

e There are a lot of equivalent weighting functions, the
most efficient ones would depend on the detector.

o For B, — J/io :
| Observables: b™(t) w8, p, 1))

[Ag(t)]* %[5(0082 6 — sin®f cos 2p) — 1]
Ay (6)? 2[5(cos? 8 + sin® § cos 2¢p) — 1]
|A; ()] | 2—5cos?f

] (Af(t)AL(E)) —5sin(26) sin ¢

Re(Aj(t)A(t)) % sin(24)) sin(2¢)
()AL
Im(A§(t)AL(t)) . ﬁ 5_sin(2¢) sin(26) cos @




0.8—_
0.5—_
0.4

0.2

FIG. 5. The ratio of information content about f extracted through the angular moments

method and the maximal likelihood method. The X-axis is the actual value of 3.
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ang. term coefficient moment value from fit
cos? O+ cos? Bp — Hi 0.751 + 0.073 ~0.859

sin? 6 sin® 6, — z Hi 4+ H2 0.159 £ 0.034 0.140 = 0.040
sin sin 20p- sin 26, S(H_Hy+ —H H}) " 0.042 +0.103 0.110 + 0.074
cos x sin 26p- sin Eﬂp R(H Hy + H_H) 0.352 £ 0.1044 0.341 £ 0.088
sin 2y sin® Ap sin® 4, SHL H?) 0.057 4 0.024 0.053 £+ 0.021
cos 2y sin® fp- sin” 6, R(H H*) 0.018 +0.023 | 0.023 £ 0.024

TABLE III.-Moments of different angular terms for B? — D*~pt
expected from fit results

events compared with values

ang. term coefficient moment value from fit

ccus.2 fp~ cos‘ Bp— H; 0.626 1 0.074 0.856

sin” @p» 5in® ¢, — 12 H? + HE 0.168 + 0.036 0.143 + 0.060

siny sin 26 5. sin ze S(H_ Ho + —H . Hg) ~0.145 £ 0.101 —0.071 £ 0.109
cos  sin 20+ sin 23,, (H+H0 + H_H2) 0.193 & 0.109 0.2504 £0.105
sin 2x sin® fp- sin® 8, S}(H *) 0.002 £ 0.027 —0.011 % 0.032
cos 2x sin® @p- sin® 0, R(H.H*) 0.043 -+ 0.025 0.068 =+ 0.029

TABLE IV. Moments of different angular terms for Bt — E*Op'f' events compared with values

expected from fit results

CLEO conf 98-23

Comparison of the analysis of actual data through

e method of angular moments

e mazximal likelihood fit

for

e BY — D*p*
® B_|_ s E*Op+




Parameter determination and estimation
of precision

Precision of experlmental determination of

B? — J/ip¢p — pTpu KTK™ parameters estimated using
maximum-likelinood fit to Monte Carlo simulated data.

Maximum likelihood function:
L = Zﬁv fD (Elw+(t29§2 ) + €2W (tz: z) ‘I‘ —f"ot Res(t f)
f,»g ﬂfo (et WH(t,Q2) + oW~ (t,€2) + be‘rﬂt)Res(t t)
(8)

= ¢ = e» = 0.5 for untagged events,
e1 =1 —w ep = w for BY tagged as particle
e1 = w e = 1 —w for BY tagged as anti particle
Single maximum ||kellhood fit done for all events (tagged
and untagged).

Free parameters: Als, [JA4;(t = 0)| IAl(t 0)|, £
Fixed parameters: 61, 62, Xs

y



EFPoadusions

The decay B) — J /¢ is a potential source of information on the quantities
Al's and ¢,. The dependence of measurement errors on signal statistics,
background and time resolution has been evaluated. The main results of
this study are summarised in the Table 3.

height LHCb | ATLAS/CMS
0AT, /AT, 9% 12% /11%
6T /Ty 0.6% 0.7%
5A||/.A|| 0.7% 0.8%
0AL JA) 2% 3%
0dhs (x5 = 20) | 0.02 0.03
Sps (5 = 40) | 0.03 0.05

Table 3: Summary of the analyses: expected statistical errors of B — J/1/¢ parameters for the conditions expected by
three LHC experiments. The results correspond to ATLAS and CMS running three years at luminosity 10%cm™257!,
for LHCb five years at luminosity 2 - 10*em™?s™ ', The channel B — J/4/(u" 1~ )¢(K*K ™) has been used for anal-
yses. T - )

The measurement precision for dAT', /AT, typically varies between
9% and 12%, for the conditions expected by the three LHC experiments.
The weak phase error ¢, is sensitive to the time resolution. The results
indicate that, while LHC experiments may not be sensitive to the ¢, val-
ues expected by the Standard Model, it would be possible to measure the
larger ¢, values predicted by some models containing new physics. The full
_potential of measuring this process at LHC has not been exhausted in the
_present study and will be further investigated.







The same parameters across the board : .,

B — V(— ab)V (~-ed)

color B, — J/ b SU(3) B — Jiy K*

suppressed (707 (KTK™) « — () (Km)
6¢ < 28
Ccolor . By— D D 8U(3) BY - Dt D
allowed (Dfv)  (Dyv) o« > (Dfv) (Dm)

6

e Factorization tests :

Im[A%(0)AL(0)] =0
Im[Aj(0)AL(0)] =0

¢ Checking prédictions' of specific models



B, — J/¢ and By — J/PK*

Ty

Obhservables

Time evolutions

| Ag(1)]? [Ap(0)2 [ Tet — eIt sin(Amt )b
A A O) e — e sin(Amt)d¢
|AL(t)]? AL (0)) [e7Tt 4 1 sin(Amt)cqu]

Re(45(1)4)(2))
Im(Af(t)A- (1))

Im(AG(t)AL(t))

[40(0)][4)(0)] cos(dy — b1) [e T2 — e T sin(Amt) 3|
A4 (0)]|AL(0)] |e™T

e sin(d; — Amt) + 1 (e7Tnt — e7Tet) cos(8;)0¢
| A(0)]|AL(0)]

e T gin(dy — Amt) + 1 (e Tt — 7Tty cos(8) 5

Tablz 1: Time evolution of the decay B, — J/(— IH™)¢(— KTK™) of an initially (i.e. at
t = 0) pure B, meson.

Observable | Time evolution
ABF | 1A(0)%e [+ sin(2B) sin(Amd)
|Ay(8)[? | Ay(0) 27 [1 + sin(28) sin(Amt)]
1A (1)]? |AL(0)]%e Tt [1 — sin(28) sin(Amt)]
Re(A§(4)A(t)) | [A0(0)]| A1 (0)| cos(dz — d1)e™"*[1 + sin(26) sin(Amt)]
Am(A5)AL®) | A O ALO)]|e™™ [sin(d1) cos(Amt) — cos(28) cos(81) sin(Amt)]
m(A5(t)AL()) | |Ao(0)]|AL(0)]e™™ [sin(da) cos(Amt) — cos(26) cos(dy) sin(Amt)]

Table 2: Time evolution of the decay By — J/ih(— ITI7)K**(— #°K) of an iniiially (ie. at
t =0) pure By meson,

= Removal of the discrete ambiguity 8 < 7/2—0 by using sign[cos(6)]

from J/e.

AP,
I.Purnietz
R-Fleischex

PLE 433,793

J Charles  A.le Yaouanc, L-Oliver, 0.Pene T.C-Raynal
PRD 57¢,’qg



